Background: Despite being associated with lower birth weight, maternal smoking in the last 2 trimesters of pregnancy has been associated with increased risk of offspring overweight in several studies. To date, only one study has examined whether smoking in the first trimester only, which is not associated with birth weight, is also associated with childhood overweight. Objective: This study uses prospective data to examine associations between maternal smoking in the first compared with later trimesters of pregnancy and child overweight at age 5-7 y. Design: Data from a prospective cohort of 369 Spanish children born in 1997-1998 were used. Logistic regression was used to estimate associations between maternal smoking during different time periods and odds of child overweight later in life. Results: Maternal smoking during the first trimester was more strongly associated with overweight (adjusted odds ratio: 2.65; 95% CI: 1.26, 5.54) than smoking later in pregnancy (1.88, 0.85, 4.15).
INTRODUCTION
During the past few decades, levels of childhood obesity worldwide have escalated (1) . Within Europe, current levels are especially high in southern countries, including Spain and Italy (2) . These trends are problematic because childhood overweight is strongly associated with adult obesity and chronic disease risk (3) . Recent evidence suggests growth trajectories leading to overweight and obesity may begin very early in life, with strong associations between rapid growth in early infancy and overweight later in childhood and adolescence (4) . As a result of this data, a growing body of literature has begun to explore whether in utero exposures may influence long-term risk of obesity (5, 6) .
Maternal smoking during pregnancy is one prenatal exposure hypothesized to influence child obesity risk and has been associated with greater overweight, body mass index (BMI), or weight in numerous studies (6 -25) , with few exceptions (26) .
Smoking in pregnancy is associated with lower birth weights (27) . Whereas higher birth weights tend to be associated with later obesity (5) , smaller size at birth has also been associated with increased adiposity and central fatness in later life (5) . It has been hypothesized that metabolic adaptations linked to maternal smoking may promote prenatal growth retardation through pathways that may increase risk of obesogenic growth in the postnatal environment (9) .
Previous studies (27, 28) suggest that although smoking throughout or in late pregnancy adversely affects fetal growth, smoking limited to early pregnancy has little effect on size at birth. It is uncertain how the timing of exposure to maternal smoking may be relevant for obesity risk in offspring. The majority of studies have defined exposure based on smoking at any time in pregnancy, or based on assessments made at variable times in the course of pregnancy, usually in the second or third trimester (9 -11) . However, one prospective study (16) in which virtually all mothers who smoked in pregnancy did so exclusively in the first trimester (T1), with no smoking in the second and/or third trimesters (T2/3) , reported significantly more overweight at age 3 y associated with maternal smoking. Another cross-sectional study (20) reported that obesity at 5-6 y was associated with recalled smoking either exclusively in T1 or throughout pregnancy, with somewhat stronger associations for T1 smoking. Despite the promotion of smoking cessation for women planning to conceive, a substantial proportion of women smoke in early pregnancy (29, 30) . Therefore, studies are needed to determine whether smoking in early pregnancy may affect risk of future disorders, including obesity, in children.
In this study we assess associations between maternal smoking in different trimesters of pregnancy and risk of child overweight at age 5-7 y by the use of data from a population-based prospective pregnancy cohort from the Spanish island of Menorca.
SUBJECTS AND METHODS

Study participants
Data come from the Menorca cohort of the Asthma Multicenter Infant Cohort Study, which enrolled 95% of pregnant women receiving prenatal care at a primary care center over 12 mo in 1997-1998. Details on the protocol have been described previously (31) . Briefly, 482 women were recruited early in T2, at around 20 wk of gestation. Mothers provided signed informed consent, and the study was approved by the ethics committee of the Institut Municipal d'Investigació Mèdica. Data on infant characteristics were collected at birth, 6 mo, and 1 y. Four hundred twenty-two (87.6%) children were included in a follow-up survey at age 5-7 y in which height and weight were measured. Preterm births (n ҃ 23) were excluded because catch-up growth patterns vary compared with term births (32) . An additional 30 children were excluded from the analysis sample (n ҃ 369, 76.5% of baseline) because of missing covariate data (maternal overweight, social class, and breastfeeding). There were no differences among those lost to follow-up or excluded in terms of maternal smoking in pregnancy, other maternal characteristics (age, social class, overweight/obesity), birth weight (among fullterm infants), breastfeeding duration, or father's smoking habits (chi-square or t test P values not statistically significant).
Study variables
At recruitment, interviewer-administered questionnaires were used to collect data from mothers on maternal age, social class (from maternal occupation based on the UK Registrar General classification system: professional; managerial/technical; and manual skilled, partially skilled or unskilled) (33), parity, cigarette-smoke exposure, self-reported prepregnancy weight, and diet in pregnancy estimated through use of a 50-item semiquantitative food frequency questionnaire (34) . Maternal height was measured by trained interviewers by use of standard techniques. Infant height and weight were obtained by trained nurses at birth. Infant feeding practices, including breastfeeding duration, were reported by mothers in interviews at 6 mo and 1 y postpartum. At 5-7 y, child weight and height, without shoes and in light clothing, was measured by trained interviewers through the use of standard techniques. Questionnaires on children's usual diets in the past year (a validated 100-item food frequency questionnaire) (35) and physical activity patterns (hours per week of TV watching and participation in sports) were also administered to mothers at this time.
Child overweight/at-risk of overweight (hereafter "overweight") was defined based on BMI (in kg/m 2 ) through use of the age-and sex-specific 85th percentile of the World Health Organization/National Center for Health Statistics reference as the cutoff (36) . BMI z-scores were also calculated through the use of this reference. To examine relations between maternal smoking and height compared with weight growth, mean annual changes in height and weight since birth were calculated by dividing the change in each measure by the exact age at the 5-7 y interview. Changes in sex-specific height-for-age and weight-for-age percentiles from birth to the time of interview were also calculated.
Maternal smoking in pregnancy was defined based on selfreported habits at recruitment, which included questions about past smoking as well as cessation before or in months 1, 2, or 3 of pregnancy. Women were initially defined as never-smokers, past smokers who stopped before pregnancy, smokers who stopped during T1, and current smokers at recruitment in T2. Because overweight in offspring of never-smokers and past smokers who stopped before pregnancy were similar (see results), these groups were combined in the main models. To assess whether associations with timing of smoking in pregnancy were explained by differences in the lifetime duration of smoking, timing was further stratified based on whether women reported having smoked for ͨ10 y compared with 11ѿ y (roughly the median). Women were also classified based on smoking at any time during pregnancy (yes/no).
The primary covariates included (1) maternal characteristics potentially associated with child obesity [age, social class, parity, prepregnancy overweight (BMI ͧ25 and 30)] and obesity (BMI ͧ30); (2) child sex, birth weight, and current age at measurement; and (3) infant feeding patterns that may influence obesity (breastfeeding duration ͧthe recommended 6 mo). Current maternal smoking (yes/no) at age 5-7 y, as well as paternal smoking in pregnancy and at follow-up (coded as for mothers), were included as covariates to assess confounding by passive smoke exposure. Measures of children's current diet (percentage of energy from fat, grams of meat intake in tertiles) and activity patterns (low/medium/high weekly hours of television viewing and sports/exercise) were also examined as potential confounders, but adjusting for these variables had no meaningful effect (ie, odd ratios changed by 5%). Similarly, several other variables were excluded from the final models because they had no meaningful effect, including smoking by other members of the household (3.4% of women); degree of tobacco smoke exposure at work (none, sporadic, little, substantial, do not work); alcohol consumption in pregnancy (18.8% of women); health conditions such as gestational diabetes, hypertension, and anemia; and interconceptional interval (firstborn, 1-3 y, 4 -5 y, 6 yѿ). Excluding or adjusting for twin births (n ҃ 6) also had no effect.
Statistical analysis
Characteristics of the sample according to maternal smoking habits in pregnancy were compared through use of chi-square tests and analysis of variance (P 0.05 significant). Patterns in girls and boys were examined separately and did not differ from those presented for the overall sample (not shown).
Analysis of overweight
Multivariate logistic regression was used to examine associations between maternal smoking in pregnancy and child overweight at 5-7 y, adjusting in a series of models for (1) child age and sex, (2) the primary covariates listed earlier, and (3) additionally adjusting for current maternal smoking. In supplementary models, we examined effects of adjusting for paternal smoking. Because these adjustments had no meaningful effect, paternal smoking variables, which had additional missing values (n ҃ 17), were not included in all models (see results). Similarly, adjusting for maternal education in addition to social class did not change effect estimates (not shown). Odds ratios (ORs) with 95% CIs are reported for each measure of maternal smoking (smoking in different trimesters, any smoking during pregnancy). ORs presented in the text are fully adjusted unless otherwise specified. We decided a priori to examine interactions between maternal smoking and breastfeeding duration because differential effects of breastfeeding in smoking compared with nonsmoking mothers were reported in a recent study (37) of child overweight. Moreover, one of the hypothesized mechanisms linking maternal smoking to child overweight involves impaired programming of appetite control, whereas breastfeeding is postulated to play a protective role in the programming of appetite (38) . Interactions with sex were also examined but were not significant (not shown).
Analysis of birth weight, BMI z-scores, and weightcompared-with-height growth since birth
Multivariate linear regression was used to examine relations between maternal smoking in pregnancy and children's birth weight, BMI z-scores at age 5-7 y, and mean changes in weight and height since birth (absolute changes/y and age-sex specific percentile changes). Coefficients and standard errors from these models reflect the mean difference in each outcome associated with the relevant smoking variable. Birth weight models were adjusted for the maternal characteristics listed previously, child sex, and analyses of BMI z-scores; weight and height change models also included current child age, birth weight and height, and breastfeeding duration.
Model diagnostics included confirming results were similar after: excluding potentially influential observations identified the use of ⌬-betas; excluding subjects with large (2.0 SD) annual height and weight changes; and additionally adjusting for or excluding low birth weight (n ҃ 17) infants (not shown). Similar results were also obtained through use of logtransformed variables for continuous outcomes or through use of BMI rather than BMI z-scores (not shown). The use of International Obesity Task Force (IOTF) cutoffs to define child overweight and obesity (39) yielded similar results. All analysis used STATA (version 8.1; STATACORP, College Station, TX).
RESULTS
Overall, 36.0% of mothers in the analysis sample smoked at some time during pregnancy; 15.7% reported smoking in T1 only. At age 5-7 y, 27.4% of the sample (30.0% of boys and 24.9% of girls) were overweight, with slightly lower estimates through use of the IOTF cutoffs (23.6% overweight/obese). Table 1 characterizes the sample according to maternal smoking habits in pregnancy. Child overweight prevalence was higher among mothers who smoked in pregnancy than among nonsmokers (chi-square P 0.05), with the highest prevalence (39.7%) among mothers who smoked in T1 only. Smoking during pregnancy was also associated with lower weights and heights at birth (t test P 0.05). However, these deficits were limited to offspring of women who smoked beyond T1 (deficit in weight Ҁ197 g; t test P 0.05 for 2-way comparison), with no deficit if mothers smoked in T1 only (Ҁ23g; t test P 0.10). Overall, about one-third (38.5%) of women reported breastfeeding for at least 6 mo, with significantly lower rates among mothers who smoked in pregnancy (chi-square P 0.05).
Multivariate associations between smoking in pregnancy and overweight
Maternal smoking in T1 was associated with a more than 2-fold increase in odds of overweight at age 5-7 y after multivariate adjustment, with weaker, nonsignificant associations for smoking later in pregnancy ( Table 2 ). Restricting early smoking to women who reported smoking cessation in the first month of pregnancy (77.6% of T1 smokers) had little effect (OR: 2.96; 95% CI: 1.33, 6.53). Additional models were run excluding adjustment for birth weight, because it is uncertain whether size at birth is on the causal pathway between maternal smoking and child overweight, with little effect on associations for T1 smoking (fully adjusted OR: 2.64, 1.27, 5.50; for T2/3 smoking 1.62; 0.74, 3.55). Associations were similar through use of IOTF overweight definitions (OR for T1 smoking 2.77; 1.28, 5.95; for T2/3 smoking 2.02, 0.89, 4.62). After further stratifying timing of smoking by lifetime duration of smoking, smoking in T1 remained strongly and significantly associated with child obesity (OR for ͨ10 y smoking: 3.5; 1.1, 11.6; for 11ѿ y smoking 2.5, 1.1, 6.0). Associations with T2/3 smoking remained more modest and did not reach significance regardless of duration (OR for ͨ10 y: 1.7; 0.5, 5.1; for 11ѿ y: 1.8; 0. 7, 4.8) .
Associations between parental smoking and child overweight were specific to maternal smoking during pregnancy. Although correlated with smoking in pregnancy (Spearman's r ҃ 0.69), current maternal smoking was not associated with child overweight (Table 2; Figure 1 ). Furthermore, in models separating never from past smokers, smoking before pregnancy was not associated with child overweight (Figure 1) . Similarly, paternal smoking, either in pregnancy or currently, was not associated with child overweight (Figure 1 ).
Effect of breastfeeding duration on associations with child overweight
Because there were significant interactions between T1 smoking and prolonged breastfeeding (interaction P 0.05), associations were examined in models stratified by breastfeeding duration. Among children breastfed 6 mo, T1 smoking was strongly associated with overweight at 5-7 y ( Table 2 ). However, there was no clear association in children breastfed ͧ6 mo.
Similar results were obtained in linear models through use of BMI z-scores at 5-7 y as a continuous outcome (interaction P 0.05 for early smoking ҂ breastfeeding duration). Among children breastfed 6 mo, maternal smoking in T1 was associated 1 Referent for all models is no smoking during pregnancy. Results are from logistic regression models. Statistics shown are odds ratios (95% CIs). 2 Adjusted for age and sex. 3 Adjusted for child's age, sex, and breastfeeding duration and maternal age, height, overweight or obesity prior to pregnancy, education, and parity. 4 Adjusted for child's age, sex, breastfeeding duration, and maternal age, height, overweight or obesity prior to pregnancy, education, and parity. Model 3 also adjusted for current maternal smoking. Results are shown stratified by breastfeeding duration because of significant interactions with 1st trimester smoking (interaction, P 0.05).
with higher BMI z-scores (multivariate-adjusted ␤ Ȁ SE 0.51 Ȁ 0.18, P 0.05). In contrast, among children breastfed for ͧ 6 mo, T1 smoking was associated with lower BMI z-scores (multivariate-adjusted ␤ Ȁ SE Ҁ 0.46 Ȁ 0.30, P 0.10). Smoking later in pregnancy was associated with higher BMI z-scores at 5-7 y, although coefficients were not as large (overall multivariate-adjusted ␤ Ȁ SE 0.31 Ȁ 0.12, P 0.05) as those for smoking in T1 in children breastfed 6 mo.
Smoking in pregnancy and birth weight, postnatal height, and weight growth
Maternal smoking later in pregnancy was associated with lower birth weight (in grams) after multivariate adjustment (␤ Ȁ SE Ҁ 222.2 Ȁ 54.5, P 0.05), with no effect of smoking in T1 only (␤ Ȁ SE Ҁ 35.2 Ȁ 59.8, P 0.10). Similar associations with smoking in late pregnancy, but not in T1, were observed for height at birth (not shown).
Associations between smoking in early pregnancy and mean annual postnatal weight gain also varied depending on the duration of breastfeeding (interaction P 0.05). Among children breastfed 6 mo, children of T1 smokers had higher postnatal weight gains than did offspring of nonsmokers, despite having similar birth weights ( Table 3 ; P 0.05). However, among children breastfed ͧ6 mo, postnatal weight gain was not associated with maternal smoking in early pregnancy. Moreover, T1 smoking was not associated with postnatal height growth. Smoking later in pregnancy was nonsignificantly associated with increases in postnatal weight gain and was not associated with postnatal changes in height. Results were similar when changes in weight-for-age and height-for-age percentiles were analyzed (not shown). Odds ratio (95% CI)
Maternal smoking
Paternal smoking FIGURE 1. Associations between parental smoking and child overweight at age 5-7 y from multivariate logistic regression models: odds ratios and 95% CIs. Referent is never-smokers for mothers, nonsmokers for fathers. Adjusted for child age, sex, birth weight, breastfeeding duration, as well as maternal age, height, prepregnancy overweight or obesity, education, parity, and other smoking variables shown. Y axis on logarithmic scale. 
DISCUSSION
In this longitudinal cohort from Spain, maternal smoking in T1 of pregnancy was associated with increased child overweight at 5-7 y, independent of socioeconomic status, parity, maternal obesity, and birth weight. This association was observed even among children whose mothers reported smoking in only the first month of pregnancy. Although more prevalent in this sample, maternal smoking later in pregnancy was not clearly associated with overweight at age 5-7 y; overweight among children in this group was only slightly higher than among children of nonsmoking mothers. Associations between smoking in late pregnancy and child obesity were somewhat smaller in magnitude and did not reach significance, despite the higher prevalence of smoking later in pregnancy than smoking in T1 only. These findings are consistent with a previous cross-sectional study (20) that reported stronger associations between child obesity and maternal smoking in T1 than in later trimesters, and another (16) that found increased obesity associated with maternal smoking in T1. We found no association with smoking before pregnancy (16) , findings that agree with earlier studies. Thus, these results suggest that smoking cessation before rather than early in pregnancy may be necessary to reduce risk of future obesity in offspring.
These data also suggest that prolonged breastfeeding may reduce risk of child obesity associated with smoking in early pregnancy. In this sample, smoking in T1 was associated with overweight only in children breastfed 6 mo, as a consequence of relatively large postnatal gains observed in weight but not in height. It is important to note that when classified simply as any compared with no smoking, as in the majority of existing studies, interactions between smoking in pregnancy and breastfeeding duration were not significant. Indeed, children whose mothers continued to smoke later in pregnancy gained slightly more weight between birth and age 5-7 y than children of nonsmokers, regardless of breastfeeding duration. To our knowledge, this finding has not been reported in previous studies on smoking in pregnancy and child obesity and should be explored in future studies.
Consistent with these findings, numerous studies have reported more rapid growth in the first 2 y of life in children whose mothers smoked in pregnancy, often characterized as catch-up growth (15, 40) . However, as reported elsewhere, smoking in T1, unlike smoking later in pregnancy, was not associated with lower weight or height at birth (27, 28) . These data suggest that maternal smoking in early pregnancy may be associated with developmental changes that predispose these offspring to rapid postnatal growth, whether or not catch-up is warranted. In recent studies, rapid growth in early life has been consistently related with later overweight, independently of birth weight (4, 40) .
The mechanisms through which smoking in pregnancy may promote offspring weight gain and obesity are uncertain. It has been hypothesized that maternal smoking may alter fetal energy metabolism to adapt to smoking-related hypoxia, perhaps including influences on appetite via effects on hypothalamic centers, analogous to hypothesized effects of nicotine withdrawal in adults (16, 41) . Animal studies provide some support for a relation. Higher postnatal weight and fat gains were observed starting at 10 wk postpartum in rat offspring exposed to nicotine in gestation (42) . Metabolic changes consistent with risk of diabetes and obesity, including impaired glucose tolerance and increased ␤-cell apoptosis, have also been observed in offspring of rats injected with nicotine during gestation (43) . Conversely, in adult rats, initiating cigarette smoke exposure has been found to reduce appetite and promote weight and fat mass loss (44, 45) . Given recent evidence that prolonged breastfeeding may help to regulate appetite control, it is possible that this mode of feeding may partly counter any adverse effects of intrauterine nicotine exposure (38, 41) , although the absence of associations between maternal T1 smoking and overweight among children breastfed for the recommended 6 mo may also be the result of other differences in care or feeding practices. Despite the lack of clear mechanisms, one recent study (13) found that maternal smoking in pregnancy was associated with higher fat mass measured by dual-energy X-ray absorptiometry as well as with higher BMI at age 9.9 y. That study did not explore effects of different smoking behaviors over the course of pregnancy but stated that mothers reported relatively stable habits (18.1% smoked in T1, 14.0% in 2T, and 14.3% in 3T).
This study has several limitations, notably the modest sample size, as a result of which the number of children exposed to smoking in T1 only was small. Confirmation, particularly of interactions with breastfeeding, is needed in future studies. It is possible that associations between child overweight and smoking in later pregnancy did not reach significance because of inadequate statistical power. Nonetheless, despite the higher prevalence of more prolonged smoking, the magnitude of associations for smoking later in pregnancy was consistently smaller than those for T1 smoking, as reported in a previous study (20) . Although attrition was modest, given the small sample size we assessed possible effects in a sensitivity analysis by estimating associations alternatively, assigning all children lost to follow-up to either the overweight or nonoverweight categories. Because mothers of most children lost to follow-up did not smoke in pregnancy (59.0%), assuming all these children were overweight slightly attenuated associations (adjusted OR for T1 smoking: 2.57; 1.29, 5.11 if breastfed 6 mo). Assuming all children were normal weight had little effect (OR: 3.58; 1.71, 7.51).
Another limitation is that smoking habits were self-reported, which may underestimate levels of active smoking (46) . However, an important strength is that maternal smoking habits were assessed early in T2 of pregnancy, 6 y before children's weight status. Given the prospective design, it seems probable that any misclassification of maternal smoking is nondifferential and unlikely to exaggerate associations. We were also unable to satisfactorily separately examine effects of heavier compared with lighter smoking in late pregnancy because few women reported moderately heavy smoking (n ҃ 9 women in the analysis sample used 10 cigarettes/d; n ҃ 28 smoked 5 cigarettes/d) (15, 27) . Adjusting for number of cigarettes/day did not affect ORs for T1 smoking. However, maternal smoking 5 cigarettes/d appeared to be more strongly associated with odds of later obesity than did less intensive smoking (multivariate-adjusted OR: 1.90; 0.75, 4.33 for ͨ5/d; OR: 2.68; CI 0.89, 8.02 for 5/d).
An important strength is the availability of data on paternal smoking in pregnancy and smoking habits of both parents at follow-up. We found no association between a father's smoking during the mother's pregnancy and child overweight or BMI z-scores, and there was no heterogeneity by breastfeeding duration (not shown). Similarly, neither maternal nor paternal smoking at 5-7 y was related to child overweight or BMI. Accordingly, adjusting for these passive-smoking measures had little effect on relations with maternal smoking in pregnancy. Thus, unlike a previous study (13) , which found slight increases in childhood BMI associated with paternal smoking in pregnancy, these data suggest effects specific to maternal smoking during gestation.
These findings provide additional support for promoting smoking cessation before conception among women planning a pregnancy. However, given the fairly small sample size and limited follow-up time, additional studies are needed to confirm whether smoking early in pregnancy may increase risk of overweight that persists beyond childhood years. Studies are also needed to explore associations between smoking early in pregnancy and other obesity-related health outcomes. Findings from the British Longitudinal Birth Cohort suggest that maternal smoking at some time in pregnancy may be related to obesity and diabetes in adulthood (17, 47) . Other researchers (9, 16) have reported maternal smoking in pregnancy to be associated with small increases in childhood blood pressure, although associations were not significant after adjusting for current weight or BMI. Additional studies are needed to assess directly whether smoking in early pregnancy appears to increase long-term risk of these and other obesity-related disorders as well as with obesity per se.
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